BACKGROUND: Despite the westernized lifestyle, most Japanese are not prominently obese. As their obesity may be obscured, we want to further explore central fat distribution and health risks among this population. METHODS: 2668 men (body mass index (BMI) 20 ±`26.4 kgam 2 ) were identi®ed from 3343 men (BMI 14.0 ± 37.7, median of waist-to-height ratio (WaHt) 0.50) who underwent routine health examinations. They were divided into four groups: (1) BMI 20 ±`24, WaHt`0.50; (2) BMI 20 ±`24, WaHt ! 0.50; (3) BMI 24 ±`26.4, WaHt`0.50; and (4) BMI 24 ± 26.4, WaHt ! 0.50. The metabolic risks and physical activities were compared. RESULTS: WaHt ! 0.50 comprised 35% of the subjects of BMI 20 ±`24, 91% of BMI 24 ±`26.4, only 1% of BMI`20 and up to 99% of BMI ! 26.4. After adjusting for age and smoking and with group 1 as the reference group, odds ratios (ORs) were signi®cantly higher in both groups 2 and 4 for the risk of hypertension (1.42, 1.98), hyperglycaemia (1.49, 1.78), hypertriglyceridaemia (1.95, 2.56), low HDL cholesterol (1.87, 2.20), hyperuricaemia (2.00, 2.51) and fatty liver (2.57, 5.64) and additionally in group 4 for hypercholesterolaemia (1.35). ORs in group 3 were only signi®cantly higher for risk of hypertension (1.86) and fatty liver (1.89). Signi®cantly lower frequencies of regular physical activity were noted in the higher WaHt groups (0.75, 0.47, 1.10, 0.52 days per week, from groups 1 ± 4, respectively). CONCLUSIONS: Measurement of waist circumference may be a preliminary method for the survey of people at higher risk of lifestyle-related disorders in Japanese men, especially among those with moderate BMI.
Introduction
There is increasing data to suggest that coronary heart disease and its risk factors are more closely related to excessive central fat accumulation than total body obesity, 1 ± 6 therefore, a simple and practical index of central fat distribution is important. Waist circumference has been reported to be a simple index of central obesity by some investigators, however, the waist circumference proposed by the above investigators as indexes for weight control in men are over 90 cm andaor over 100 cm from the study populations of high mean body mass index (BMI). 7 ± 9 Therefore, those people may already know of the necessity of weight loss before any measurement of waist circumference is made.
It has been reported that the metabolic conditions which predispose to obesity among normal weight individuals (the so called`metabolically obese') are common in the general population. 10 The conditions are even more common among the Japanese. Even with the rapid westernization of lifestyle in Japanese, the prevalence of obesity in the Japanese population is far less than in Western populations. 11 the same situation may be also present in many other oriental countries. Mean BMI among Japanese with normal glucose tolerance, impaired glucose tolerance, or diabetes was reported to be less than 25 kgam 2 for all. 12 On the other hand, people who exercise more frequently and who have more muscle mass may also have a higher BMI. Consequently, there are defects in using the BMI for assessing inappropriate or excessive fat accumulation. 13 Since waist-to-height ratio has been reported to be a useful obesity index 14 ± 21 and an independent predictor of multiple coronary risk factors when waist-to-height ratio and BMI were compared, 14 ± 17 we analysed routine health examination data to determine whether this simple index better re¯ects lifestyle and lifestyle-related disorders among such subjects. Because weight loss is dif®cult and rebound often occurs in obese people, we believe the best weapon against obesity is to educate the people to modify their lifestyles as soon as possible before they become prominently obese.
Methods

Subjects and data collection
The subjects were 3343 men (age, 21 Using this de®nition, only 9.5% of the examinees were classi®ed as`obese'. The majority of the subjects (79.8%) had BMIs within the 20 ±`26.4 range.
The basic survey questions included`How often do you engage in regular physical activity lasting 30 minutes or more?' and`What is your current smoking status?' Frequency of regular physical activity was calculated as 0 if they did not engage in regular physical activity at least once a week for 30 min or more. 23 The sedentary group accounted for the majority of the subjects. Tennis and jogging were the most frequent activities in the physically active groups.
Waist circumference was measured at the umbilical level with the subjects standing and breathing normally and waist-to-height ratio was calculated. 14 ± 17 Blood was drawn in the fasting state. Blood glucose, serum triglyceride, cholesterol, HDL cholesterol and uric acid concentrations were measured using enzymatic methods. Fatty liver was diagnosed by ultrasound.
A total of 2668 subjects within the moderate BMI range (20 ±`26.4) were divided into four groups according to the BMI categories and whether the value of waist-to-height ratio (WaHt) was less than or greater thanaequal to the median value (0.50) of 3343 persons during the same period: group 1, BMI 20 ±`24, WaHt`0.50; group 2, BMI 20 ±`24, WaHt ! 0.50; group 3, BMI 24 ±`26.4, WaHt0
.50; group 4, BMI 24 ±`26.4, WaHt ! 0.50.
Statistical analysis
Probabilities of signi®cant differences were compared using the chi-square test for proportions. Odds ratios for lifestyle-related disorders with reference to group 1, adjusted by age and current smoking status, were calculated using JMP software. Probabilities of signi®cant differences for quantitative values of unadjusted and age and smoking adjusted data were compared by SAS software.
Results
Relationship between BMI and waist-to-height ratio
There was a strong correlation between BMI and waist-to-height ratio (r 0.87, P`0.0001), however, when using waist-to-height ratio 0.50 as a cut-off point, waist-to-height ratio ! 0.50 comprised 35% of the subjects with a BMI of 20 ±`24 and 91% of subjects with a BMI of 24 ±`26.4, whereas it comprised only 1% of the subjects with a BMI of`20 and up to 99% of the subjects with a BMI of ! 26.4. Waist-to-height ratio ! 0.50, on the other hand, comprised no subjects with a BMI of`19.3 and 100% of the subjects with a BMI of b 28.3 ( Figure 1 ).
Clinical features and prevalence of lifestyle-related disorders by BMI and waist-to-height ratio
The groups with a waist-to-height ratio ! 0.50 were a little older. The differences for the prevalence of lifestyle-related disorders were signi®cant among the four groups in all items, including hypertension, hyperglycaemia, hypertriglyceridaemia, hypercholesterolaemia, low HDL cholesterol level, hyperuricaemia and fatty liver (Table 1) .
Odds ratios for lifestyle-related disorders by BMI and waist-to-height ratio
After adjusting for age and smoking status and with group 1 as the reference group, odds ratios were signi®cantly higher in both groups 2 and 4 for the risk of hypertension, hyperglycaemia, hypertriglyceridaemia, low HDL cholesterol, hyperuricaemia and fatty liver and additionally in group 4 for hypercholesterolaemia. Odds ratios in group 3 were only signi®cantly higher for risk of hypertension and fatty liver ( Table 2 ).
Regular physical activity by BMI and waist-to-height ratio
From the unadjusted data, there were signi®cant differences in the frequencies of regular physical activity among the groups (P`0.0001). The frequencies of regular physical activity were signi®cantly higher in groups 1 and 3 than groups 2 or 4, and Figure 1 Relationship between body mass index and waist-toheight ratio (r 0.87, waist-to-height ratio 0.166 0.015 body mass index, P`0.0001).
Health risks among moderate BMI men SD Hsieh et al there were no signi®cant differences between groups 1 and 3 or groups 2 and 4, although the frequencies of regular physical activity tended to be highest in group 3 ( Figure 2 , left side). After adjusting for age and smoking, the comparisons of regular physical activity among the groups were similar to the unadjusted data, and the regular physical activity was about 1.6 times for group1 vs 2 and 2.1 times for group 3 vs 4 ( Figure  2 , right side).
Discussion
In a survey of US adults (1988 ± 1994) , approximately 33% of men were overweight (BMI ! 27.8) 24 In contrast, only 9.5% of Japanese men examined had a BMI ! 26.4 in our study. However, there was still possibility of higher health risks associated with excessive central fat accumulation among the remaining subjects with moderate range BMI because many of them had a lack of regular physical activity. 23 In our previous studies, waist-to-height ratio was the single independent variable to multiple coronary risk factors according to the results of multiple regression analysis of the waist-to-height ratio and BMI. 14, 15, 17 On the other hand, in a cross-sectional study, waist-to-height ratio and the prevalence of fatty liver, but not BMI, were found to be signi®cantly lower in the groups that exercised two or more times WaHt waist-to-height ratio. Figure 2 Frequency of regular physical activity (mean AE s.e.) among the four groups. Left side: unadjusted groups; right side: age and smoking adjusted groups. Overall difference by one-way ANOVA: P`0.0001 for both unadjusted and age and smoking adjusted data. Inter-group difference by Tukey ± Kremer's method: unadjusted groups Ð P`0.0001 for 1 vs 2; P 0.0935 for 1 vs 3; P 0.0009 for 1 vs 4; P 0.0002 for 2 vs 3; P b 0.2 for 2 vs 4; P 0.0011 for 3 vs 4. Age and smoking adjusted groups: P`0.0001 for 1 vs 2; P 0.0894 for 1 vs 3; P 0.0007 for 1 vs 4; P 0.0003 for 2 vs 3; P b 0.2 for 2 vs 4; P 0.0010 for 3 vs 4.
WaHt indicates waist-to-height ratio.
Health risks among moderate BMI men SD Hsieh et al per week than in the sedentary group. 23 Since central fat distribution is more closely associated with inappropriate lifestyle and related disorders, waistto-height ratio may be a practical method for surveying such disorders. We used a waist-to-height ratio of 0.50 as a cut-off value to de®ne central fat distribution, not only because it was the median and mean of our study subjects, and because coronary risk factors were signi®cantly higher above it while waist-toheight ratio of the people who exercised on 2 days or more were signi®cantly lower than it, 14 ± 16,23 but also this measurement is simple and convenient. Another bene®t stems from the fact that, as a mathematical index, BMI is dif®cult to explain to examinees and to relate it to weight that must be lost. 25 Despite the difference of BMI, group 3 was similar to group 1 in many aspects, including higher frequency of regular physical activity and lower prevalences of lifestyle-related disorders, especially for the disorders associated with sedentary life such as hyperglycaemia, hypertriglyceridaemia and low HDL cholesterol level. The higher BMI of group 3 might be partly due to larger muscle mass which suggests group 3 should be treated differently from group 4. However, group 3 had higher prevalences of hypertension and fatty liver than group 1. This may be due to either slightly higher waist-to-height ratios (although still below 0.50) of group 3, corresponding to larger body size, or maybe the effect of larger lean body mass on hypertension. 26 Although the relative population of group 3 was small in this study, the population may be larger among people who do more muscular work. The real health risks of group 3 compared to those of group 1 requires further exploration.
According to our study, up to 99% of the subjects whose BMI was ! 26.4 had a waist-to-height ratio ! 0.50 and 99% of the subjects whose BMI was`20 had a waist-to-height ratio`0.50. It suggests that both the indexes of weight and waist may be corresponding for the de®nition of obesity in these ranges. However, there was variability in waist-toheight ratios among the subjects with BMI 20 ± 26.4. Therefore, measurement of waist-to-height ratio may be more practical among Japanese men of moderate BMI range (BMI 20 ±`26.4) as a way of identifying higher risk people.
Waist-to-height ratio is potentially confounded by height. Both BMI and waist-to-height ratio were positively correlated with all of the disorders mentioned, while height was only weakly negatively correlated with hypertension ( 7 0.05, P 0.006) and hyperglycaemia ( 7 0.07, P 0.0007) in the men with a moderate BMI. The prediction of coronary risk factors by waist-to-height ratio might be due to the joint effects of central obesity and height for some risk factors. There are reports that the relative mortality and risk of cardiovascular disease are high in relatively short populations 27 ± 29 If this is true, then height not only has the role of adjusting for stature, but helps this index better re¯ect the outcome of the disease. In any event, further study is necessary to clarify this point.
Accumulation of central fat may be due to energy imbalance from overnutrition, aging, genetic factors or hormone disorders, and may be exaggerated by a sedentary life. Prevalence of lifestyle-related disorders, physical inactivity and probable overnutrition are very common in Japanese men. Our studies suggest that measurement of waist circumference may be a preliminary method to re¯ect lifestylerelated disorders and may be particularly important for most Asians, who have a lower BMI than Caucasians.
